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(54) mm<D%m mfssmut* zam&jjmniLvm&tmmkmw; 



(57) imm] 

JKiEKMttfttf 7 5 0 0 [#/mm] £*± 




(2) 




[*fm*#©teBJ 

in#m 1 ] $ffito£ftK£* 7 5 0 0 [#/mm] &>± 

(11*92) T^Xft-«©MSiSi 5 0 00 [* 
/mm] «±-C*>5;:i:«rWfti: LfctMlCCIO 

[fft*g3j x**f-ir-£©jgfc£g;4*20 0 00 [* 
/mm] »±Tfc5££&ie»£^fc»*«l|;JB*© 

[ft*l4j MllSrotV^7o~9 0 [G 
Pa] Tfc5^t?:4$8!ct1-5t»^l7I»M3C0V>T^ 

[lit*® 5] #&MS«©«ffi©'&/M:fc9 (Wa) 2)5 
0. 3 [nm] £rFT*&5ii%#®i-f-.3i»#jgi75 

[fft**6] IWkJR«R©*aBO?-*'i'7T-»*** 
SRatflO [nm] «TT*>5£. t ZWmt-rzm& 

i:-f4I«**l»S6 0V^-f*i,34>i«n:E«©KftE» 
ttffc, 

8 ] $ j *Wmi&& ib#7 xi»bt£5 tot* 

#10-100 [nm] -C«>5itSr»*ti-4lll*q[ 
Sffi5l-*JV>T3 0-5 0 00 [fi/^m 2 ] tj>5i 

fro 

[9t*g 1 1 ] GfflMSttPC r NiB, N i 

P, N i PZ (ZllCr, Mo, Si, Mn, W, N 

b, Ti, z ifrtbmt£ihti^-rtii>*imizk±i?t> 

** 1 7b¥. 1 0 ©v v«ta» i «£G*®Bt*|Sft£tt. 

2] EfaIi8l&©*B;S*&iif#B^fc$®S 
tffct©T-fe5ri£#&fct5W#Jgi75Si 1©^ 

tit* 1 WttBtteBftnHMIEtt. 

H»**.i 4 ] ^j&ttTi&jftDC r SfcteC r £&©& 
^S©ffi5feg£(S]®A5 (2 0 0) Iffesr b*W®.b-f 
1 1 3 ©v v«i*» 1 gfcCttOttftlBftJK 

fro 

11*915) SWCoCrPtB^MfdiC 
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oCrPtBYM^ (YI4T a , C u frt>StttlZ^ 
•rM*imsi±tt>& m ) T-fcSr 5 fit* 
* 1 1 4 ©wf 1 «£Ett<DBt«(|Sflktttt. 

7] «ttJf0Bfttt£;£ti:£gr (OR = Rjq 
*|SiroHc/^|6iOHc) #1. 0 5fi!±T'fc5r 

io oBtftge^te^. 

i 8 ] ^MH&ftBlcJftft Atf 7 5 0 0 

[fr/mm] KiTfeS^^^^^-jR^fM-rST 1 ^ 
WM^tilli, ££tH8&fE®i£fr©S«g;!/ 

9] Tfx^-mcom&m&i 5000 

[*/mm] «±T'i>5rt^#mi:Lfc»*«l 8tC 
fe«c©j8«E&l«fr©®!g2rfc 0 

20 HfcfcEEI-SIg^trrfc&Wftfc-fsaM&Hl 8 
3Wfc. 

EE«E*©«»36f& 

[M*«2 2 ] EE-*-SB£#gBft;as, 5 x 1 0- [p 
a] R£©8&*#* ££ip#B&Tfc 5 £ 2: 
5i»*3S2 0£fcl*2 1 £BttottftEMKf|;o§Gg# 

£o 

30 [ffi*Jg 2 3 ] B*fci2»g£fr t , tt«£EEK#&tt« 

1 «KE«ostftE«utfl:-c*)5 c i %&®k -rzmn 
tooo U 

[0002] 

[0 0 0 3] ^-Y'7 ! -<z.>rmWte¥\zm^btlZ>m.% 
50 Xy<y^-j£^T\ CrtKHCrW, CrMoii' 



(3) 



[0004] SS^r 4 ;* ? £fi& i*<Dffi|B^56«^lc# 

3. ^r<Ofc*li s 7/1^5 = ^A-g-^|cN i P£r^ 

y^tfcSS ( rr;v$Sffij ki>^o. ) 
«fBfl$£#l4N i P*Sld««WlC«^RJl*(6)|CAn 
5 ( r^^^^^x^^^-v-ADIj ) rile 

<fc 5 RS^fSHC^m^rttSr^fc-yrTV^,, 
[0 0 0 5] #8«4S«. ^Jx.li^7^S«l4W 

«I4^#&$S«#j#x * * ^ Jtol&JS Lfc t> <DdS^ f, 

[ooo6] rofc^ #7xmfc*m^tzm%.mmm 

Z.tfftffl¥4-2 9 5 6 l-§-^^§|^9-l 6 7 3 3 

¥5-1 9 7 9 4 l^ffiT*l4x^^f--tiOIffl©g!H 
m*X'< y 5 XBf&Ltz h <Dtmg£ iiX\,^Z 0 
[0 0 0 7] 

[^K^ftUJ: ? ti-5f%M] #H¥4-2 9 5 6 1 
^^#§§^9-1 6 7 3 3 7*t4imti:t'X't}.#&m 

^ig^nrvs. LfrLte&t>ffl7F£i\x^z>mf5.m 

TMim&X'mtt*i><DkK-oXL-£*> 0 ®Wl¥; 
5-1 9 7 94 l#<k$8TI4$«^£*^*-C^$L 

fcA/Ni P©S«&£*^5/* Lfc&^#=;&/W7^;*. 

itmmtKvmmtmfrtK^xLHo. 

[0 0 0 8] *^B^I4, ±fE*tf(cg^-c^$nfct<o 

^iE^^^^-rs z k & a #j t -r-5o 

[0 0 0 9] 



ftfM 2002- 1 63817 



S5 iE«^gtcji CT^ma^^ttco ^o^xgiEff 

1) ±l2ISJH?rfif^-tSfc*wBl^^l4, ^ffil,:^ 
tt#7 5 00 [#/mm] U±XhiT t 

Ufc#&JS8ffi i *©±K^j£ $*i<7c:ffif6]PISIgl, 
^^TlteSSt/KttM ir < k fc^tfgmiEfi^ 

2) ±t&l%mZf88;-rZtzlt><Dm2<0%Wtt, 

10 -\r-*a©||£-gri5 1 5 0 0 0 [*/mm] &.±X&>Z>Z\ 

t zftmt Ltz i ) icmm<om%$z®m#x'hz 0 

3) ±fSg£S£$SH-5fc*<Of?3O3g0J§l4, r^^f 

2 0 0 0 0 [#/mm] ^±ffo5- 

4) ±is^js^fl?^ri-sfcJ6om4<o«^«. #&mm 
fioty^7o~9o [GPa] -cfc-srt?:^ 

m&xhz 0 

5) ±l5^Jg^Af^:-rsycft^5cD^^|4 x ^&JgS 
20 mommvi&'bbiz*) (Wa) ^o. 3 [nm] &LTX- 

hZZkZft&k-rzi) 7SW4) OV^tt^l^lrfE 

m<DM%.mmm#x'hz. 

6) ±!5^SSr^1-?>fc*(D^6W^PJt4, 
<D^<D'ptt< t t>-^©2p*&a$ R a tfS 1 0 [n m] 

7) ±!2Slg£#fc-f3fc«>CD3S7 (D^^tt, ^JRS 

8) tm&Mzmik-tztzitxDmsffi&m^ ny^m 

1&fr&M>ibtfy x £> 5 1 ©ffc 5 r 1 4:4$^ i: i~ 5 
7) ^l5«cD^|E^#T'fe-5. 

9) ±IEilM5:«?^:-r5fc*!)0^9<D%^{4, ^fk*' 
7X(^4nS^f B e<D^^^l 0-10 0 [n 

m] xhzzk*VTmki-z>8) izmm<Dm%m®m# 
i o) ±mtm*M8:-rztzib<D%i oo^^ii, ^ B B B 

ik#7*\z^1ZilZ&M 3 1&(D&&&m&M\Z*i^X 3 0 
40 ~500 0 [iH//im 2 ] XhZZk*®mk1-Z8) 

1 1) ±f2Hg£ft?fc-f5fc*!><OSgl lO^Wli, 
MKi!Cr^ N i B, Ni P> NiPZ (ZJ4C 

r. Mo, S i, Mn, W, Nb, T i N Z r^tjillf 
ttfcv^Tti^ia^±-c$>5<, ) 7!i^^ttjx5V^-f^ 
XhZZkZftWiktZ 1) 75S10) co^TH^l^ 
»cfBtt©JKmi5^* -e 5 o 

1 2) ±IEHJS^«?^-t5fc*0^i 2(O^^I4, ffilS] 
50 5:4#at1-5l) Jbmi l) cov^n^l^l-iat&roa 




1 3) ±BRBfctf»-*-5fci{>©Sl 3©», #m 
ttT*8#CrS*:llCrX^ (XliMo, V. w*» 

M12) ©v^-fix*»l3SlcfE«E©iK^f2 

1 4) ±BRJH«r»fti-5fc»o«i 4©3BWHt, #m 
ttTffiiOC r £fcf4C r ^^ B B B ®cDg3feEf6]®^ 
(2 0 0) ET-fc^r b**mt-t& 1) Ml 3) © 

1 5) ±K*JB**ft1-ifc»©Sll 5©$891I4, 8*t4 
I^CoCi P t B^itttCoCr P t BY^-a- 
& (Y»4Ta, Cu«»6>a»ii«V^-f4l*»ia6t±-e*> 
So ) X'hZ^bZW&k-fZl) 75M14) ©tvfft 

1 6) ±&vm*m&:-tz>iz#><DWii goshi*, tm 

i£#®i:-rsi) 75^1 5) OV»fhi»HtEtO 

1 7) ±fS^JgSr«^-t-5fcfe<D|gl 7 0»flli, Site 
Jaf©«^W&#ttfg$: (OR=Rl*|»|OHc/fl* 
(6j©Hc) #1. 0 5«±T*£>.5;r££!ft&£-r5 l) 
Ml 6) ©V^-flx*»iJStE«©»«E«K«:-rib 

1 8) ±!E^J@5r^ft1-5ifcJ?)omi 8©|giKI4, 
MSffiW^ffiK&SggtfS 7 5 0 0 [#/mm] W±T*fc 

1 9) ±IB«JSSr«!*-fSft:«)<0»l 9 0Xnit, : 
^^•y-Ja©^g^ 1 5 0 0 0 [#/mm] JJLh"C4> 

5 r £ *<mt U18) KEtt©fltftGSK$4>3l!i& 

2 0) ±EIIM£#fcr5fc*©m2 0©3S93(4, Bid 

Sr^tfwtSr4#«t-f5 1 8) *fclii9) Wftifr 

2 1) ±iEg&g£«?fc1-5fc«><DS£2 1 ©893(4, 
fc r i ft < ttSgBftKlMti-* r t £ r t £ 

*• 

2 2) ±CIMI«r*»f 5fc»Oj|2 2 03IWH: % 
■f5M*#H«#, 5X10- [Pa] &.±<OWtm#x 
Sr*tf»Hft-C*>5riSrWiti-«2 0) £fc(4 2 
1) I^E«©KMfE»^«:<D®!j§*-ffiT-fc.5 0 
2 3) ±CIR)l*«pfti-5fc»t>©*2 3«)»WH:, JB« 

i ) Mn) ©v vf*ia» i m\zm®<Dm%mm 



(4) 

[0010] 
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[»W©£*©»ffi] B 1 Ht. *SR<OBAe«H^o 
#&JRS«l±fc, El»JllSSK2, #»teTifiJB3, a 

[0 0 11] *±IUH«:LTtt, #7*, 

[0 0 12] ^7^S«f±^k^7^4fcttT*/P7 
T*#7*£)BV>.5r fcs^-CtS. 7W7X#7X 

iHft;;*f7 *©#*&*££ LT<4S i0 2l Li s OdS#* 
fife©SBi& i ©fg^3^»©S^fc5v%tt*a*£T«^ 
[0 0 13] t7%ytxWRt LTtt, ffUBOMfcT 

fe©««iaiflrtfcft^3jJttffl»rt6t?*)5. 

[0014] #&JRS«©*S)tt:, 7 5 00 

S>3. #&Bg&©£ffif4, 1 5 0 0 0 [*/mm] 
30 ± U L< 14 2 0 0 0 0 [*/mm] «±„ ) © 

5 00 [*/mm] £*±i Lfc©(4, x:? -*^-t— Jg© 

Ifi^tt (MMSNR (Signal toNois 
e Ratio) « PW5 0<D|S)±M. ) latJKUi 

[0 0 15] X^^^ + -?ftl5vS«|C*fL-T±ICR^^ 

i!4, ¥S*|p)<D»fD5lc*3V>TUJi:«i:©rabilite(D^ 
0 m#0. 02 [nm] Ul±l 0[nm]tlT (i?)»*L 
<I40. 0 5 [nm] K110[nm]HT. ) ©SI© 

Z>„ SfclO [nm] tc&X.tz.T? 7**?^— Ja(4, Bfldb 

-ft* s ©T'i£$<D-r ^ ^ + —m<Dm— m^Bw 

[0 0 16] ^fc, £U&«ttJ&--Cfc£©*Sffi8Xftft 
tt©^|-tt % KjRtT3cj£tt©jfi*»f>»*L<. CV 
ffi (¥*&«t/^(i^©M) f2 0%BT (<tO»*L 
) < 14 1 5 %UTo * ^. L < 14 1 0 %«T. ) "Cfc 




[0 0 17] f 1 + PRfflSg 
ffifi, AFM (Atomic Force Micro 
scope. Degital Instrumenttt 

[ o o 1 8 j m&gomfc&mt&vx ? ic-rs. s c 

an Si zeli3/im, ScanRa telilHz, 
Number of Sample JJ 256. * — Kit 

gsfrftfCT'n-z/Sr^U AFMCScanlMI 
•So Flatten Order 2 t LT^ 

IliiaSWiroT-foSP lane Fit Autofe 
3SSr, S c a nmmzMLXX^t Yttil^HJSLT® 

T\ #)0. 5^mX|jO. 5 ^mCOtf.y^Srl^L.T 

mty-bB(Dffi%\Zfe^tzVn&mM<Dl&®.Z 1 mmS •) 

mmStXDx^^^^-jRWdit^ro^tTii. I***® 

£8ttl 0 £ i -fa £i *fc^<D5*.©ft* 

[0 0 19] -r^^-jR^LfcSffiO^S©^ 
0. lfnmKiO. 7 [nm] UT (£9$? 
4L<I40. l[nm]RJ:0. 5 [nm] WT. £ 
»*L<ttO. l[nm]£Ui0. 3 5 [nm] ^T 0 ) 

[0 0 2 0] ^JSSffi©-V>i/^S7 0~9 0 [G 
Pa] (i»?»4L<l47 5-8 5 [G P a ] . 
$f£L-<l27 5~8 0 [GPa] „ ) XhZVtmt. 

mT-^&mz w t Ic J: 5 r * * ^ y -aoiJSrifc&fljv* 
5it^T-#5„ 9 0 [GPa] 

* ? S< tet><DX-7-t ^\-<OMT.'&tm< ft *) %ftt£ 
t- ? * \ -m h flf£ < & 5 *»b T- 5 t its $ ft 
S„ -W^d? 7 0 [GPa] *«T*liBSm!E&fS£ 50 
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[0 0 2 1] +>^*tt«ittf*oj:5fcj||«i-6. 8 
^Si^S (25DL(Panametrics ffigi) ) 

tV^$ (E) [GPa] =p(3C s 2 Cp 2 -4C s 
4 ) / (Cp 2 -Cs 2 ) 

Cp [mm/v s] : JSKWil Cs [mm//x 
10 s] :«&#i£ 

P t g / c m 3 ] : g&O^g? 

[0022] m&itjj7**m^tz^, maw?* 

^Wl0-10 0 [nm] (<fc9SF£L<ti:l 
0-70 [nm] . £ fcfcljji L < 1 0 - 5 0 [n 
m] o ) t*5(0W*U\ 10nm*itl«S« 

20 B ^fe^)^O^g^iSSBlC^V^T 30 — 5000 [ffi 
//zm 2 ] (J:^SKli7 0-3 000 [fi//* 
m 2 ] T*fo5e ^W$KlilOO-2000 [fi 

/Mm 2 ] T*fc5 0 ) vhzmm&*tox&<D&frt> 

[0 0 2 3] £Atfc0¥J&&&* *«©»je*i6«:fci: 

X) X 2mm (3n) X 5mm (^$) COKS^-T^V 
^^T»^tCiOXLT, fETEM (SiBtt^Ha 
ft) Ktl O^f&O^XSrt O^rr^b^tta, 

[0 0 2 4] HS*fRlOT^^ft-toy^U-i/ 
[0 0 2 5] *&JRa«<DjaEO^^y7T-rai 

@2l^-f S®i^gpi 2. fiiJBSPi 3^5>4 

^10 [nm] £TF ( i 9 #* L < tt 9 . 5 [nm] « 
To ) T**>50dS»4Ll\ Ztib<D&$V><D'Pte< t fc 
-*OiitJRmax^l0 0 [nm] J&lT(<fc9# 
*t<«9 5 [nm] «To ) TifeSOtf#* U,\ * 
fc*AJRS«<0*antt 1 1 t ffi* 9 » 1 2 t ©SI, 
VUl 2 ^#J®^1 3 fc^PflKHASBl 4&hZiK Z 



(6) 




1 0 [mm] T-£>5^P^IC$?£ LV\ yy^f 
MT.\cm£ivz ) g:fo<Di&M(D3-\ >y x-2l5©S£E©fi 

2> t^nmtmKZ.iXmm^*? y -y=fA^±L. i 

[0 0 2 6] x^x^^jR^^SmFO, &m 10 

©^E©¥i£jfi£ttl. 5 [nm] ( J: 9 L< 14 1 

[nm] £iT. ) £TF;»*#* LV\, fci*_l4", 
^LT^®£^®tt±if LT&5k©;4S$J£ U\, ¥ 
*9fi^255l. 5 [nm] S:gt5i:SS©¥Iti!I< 

(0 0 2 7] g*£©«fi©$/h5;k!J (Wa) #0. 3 
[nm] UT UOSiKliO. 2 5 [nm] fj 20 
To ) U\ S«w^StfedSS<*5 

[0 0 2 8 J 'foboM (Wa) ««»Jx.«ft(Di5lcaiJ 
^1-5rtiS-C#5. *4^Bi&R»«£W (Mi c 
roXAM, SrfflV^T, =£«©& 

>V$— Zonal filter, /<V Y/<^.y^;V 
9— 3~160/ 1 m > fi5500X600/itUSt 
&©*fi£8§g Ltzt #©¥*$>&£ Sr&/J% otlVti- 
5„ J: 9, y^^f-fog: 

[002 9] EftHS^t LTI4C r (-f t£t> 40 

t.Cr©^W5 0a t%^5„ ) btZ£&fr 
^^©^ffl^SrfcdWSU^ ^fe05*»iU 
B, C, (X A l , Si, Ti, V, Zr, Nb, M 
OvRu, Rh.Aj, Hf.'Ta.WvRe.Os, 
T r A»b44Wi 9atfJlfcV^r*l.A» 1 a«±££tf© 
##4U\, LTI4N i B, NiPtL< 

I4N i PZ (ZI4C r. Mo, Si, Mri, W, Nb, 
T i , Z r^f>45l¥J:t)ilimfcV^-ftL^iaa±Sr 
^tf„ Z©^f*tt2 5a t%«To )#JBV^5r 

U\ P<D#fl-l;{42 0?4 0 a t %T'$>Z><D& £ 50 
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JfO , «ttK4M9tt (t*Jx.ff SNR, PW5 0Ojf,/i 

V\ jgHl42~100 [nm] T~hZ<DfiW $ Lt,\ 2 
[nm] *»T?«:*^43**^feii/iV^»6-Cj!)5 > 
100 [nm] 4 3 J4> 

[0 0 3 0] £t>K x S«iiBi»illSKt«)«*ttSr± 

if^fcftic, #^as«tiai{ijBisBit©raK^ji7 

SrRlt-CtftV^. MfttCr, Ti, WfrbMtititz 
^■Thfr&m^ZZ t #T-#5 0 &«Jg©jg&Btt 1 ~ l 
00 [nm] U»)»SL<I15~8 0 [nm] T& 
5, £t>K0*L<l47~7 0 [nm] T*feS„ ) T$> 
6©ri5?£#tt, ±ffl4©;£;5>e>#* LV\ @3lC^#g 
7 &!gt7fcJ§^©R1llj&©l2£ L©1% 

[0031] &fammm(tMf&£titzmzmmtf®m%i 
mmcmm $ t> wy ? * f- * -m k j: sb^s^ 

[00 3 2] #BtttT16ff©$m& LTI4C r SfcttC 
rTi, CrW, CrMo, CrV, CrSi*f,Itf 

©^ff!4 5 [nm] «±-Cfefttf «fcV^Hffl±<Ojg#te 
Sr#*1-5i:5 0 [nm] «T#a*UV\ #B*ttTJfc 

Av^^w^tt (0"jx.tf«^©[6j±^m) , 

(0UtfSNR<D|fi]±2!);g) ^5iK$ix, ^©ig* 

[0033] ettsiic o z±mmt Ltzunt-Tzz 

ii 5 T-#5. «SJxtf, CoCrTal, CoCrPtT 
a^, CoCrPtBTal, CoCrPtBCu Jfcfi* 

5 0 WA-tty CoCrPtBTa ^©^-g-, C r ©^^f 
*I4 1 6 ~ 2 4 a t %, P t ©^-^Tftfi 8 ~ 1 6 a t 
%, B ©^*M(4 2 ~ 8 a t %, T a ©-^*4tt 1 ~ 4 
a t%it5ri:i:T^5. MM, CoCrPtBC 
u^©^-, Cr©^tlil6~2 4a t%, Pt© 
^*1:I4 8 ~ 1 6 a t %, B ©^-^fili 2 ~ 8 a t %, 
Cu©^ti(il~4a t%t-T5^t^T-#-5„ JBtt 
^©KJ1I415 [nm] et±T?fentf5»Sfcr©ffiA*» 
'f>HH4V\P. if W8k«ft->©5*d»& 4 0 [nm] £1 



0 



(7) 



P t BTa^fcliCoCr P t B C u ^t>£5 fc© 

I2#-£U\, *±SI4, CoCrPtBCu^biS 
t<0T*>5O^ x SNR#tt(D&g4> ,6 

[00 34] *KttTfl6S<0 C r * fcliC r 
BElfiJIi (2 0 0) ffi£ffi£BB!S]E£-f£rorii#£U,\ 
Z<o&^ »T»il:^Lfclttli5Co^ 
^©^gB(pj^J;t)5fi< (110) £tf1-©-C\ BSi^ift 

[003 5] #8&teTifeJi i m&f§ t omicftm&tpffi 

#B*tt<PPi8Jiti:C o v C r *Sts\><r>b1rZ>z.tfrX% 
•5. CoCr^iUfct#Cr©^|'ftt3 5~4 5 

5~3 [nm] T$>5©;65S NRO^i>f,0t LV\ 0 

£ ©if Iftti&KfcVT, Bjgg^la t%«±(0ffi^{C 
fcltSC rjgg#4 0 a t £ &oT^-5©tf5&i£ 

U\ Cr tBi^KSST-*#i-5WSrK§\ Cri 
Bt<D*W^tt^-g-fe<D^Sr@^«x, 

[ o o 3 6 J fitgRNu fie*o^no*m % , * 
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